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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a film forming 
method and apparatus, which can form a thin film on a 
substrate to be processed with a reproducibility and 
uniformity for a sufficient film thickness and a 
sufficiently large film formation rate and with a 
simplified apparatus arrangement. 

SOLUTIOKI: A thermal treatment apparatus 1, which 
forms an Si02 thin film on an Si wafer W includes a 
reaction gas discharge system 15 for evacuating the 
space around the wafer W, a reaction gas supply system 
14 for supplying hydrogen and oxygen gases Gh and Go 
so as to be mixed on the wafer W, and a chamber 2 
having a group of lamps 9G for heating the wafer W and a 
wafer-carrying member 3. The wafer W is placed Into the 
chamber 2, the chamber 2 is reduced in pressure, the 
wafer W is mounted on the wafer-carrying member 3, a 
reaction gas X as a mixture of the hydrogen and oxygen 
gases Gh and Go is supplied into a space Sb are 
circulated within the chamber 2, and the lamp group 9G 



heats the wafer W. 
COPYRIGHT: (C)2001,JPO 




(19)H*B»fF«" (JP) 02) & ^ 1^ ^ (A) 



(43)^iBB 



#1^2001-274154 
(P2001-274154A) 
^fSulzmOM 5 B (2001. 10. 5) 



(51) Intel.' 
HOIL 21/316 
21/31 
21/8247 
27/115 
29/788 



F I 

HOIL 21/316 
21/31 

C 2 3 C 16/46 
HOIL 27/10 
29/78 



OL 



4 34 
3 7 1 



f-73-F-(#S5) 
S 4K030 
E 5F0 0 1 
5F0 4 5 
5F0 5 8 
5F0 8 3 



(ZDfflH*^ ♦IH2000-142137(P2000- 142137) 

(22)ai«B JFJ«12¥ 5^150(2000. 5. 15) 

(31) «ifelS^3BS# 4*K2000-9298(P2000 -9298) 

(32) «iteB ¥*R12^ 1 ^ 18 B (2000, 1. 18) 



(71)[UISA 390040660 

APPLIED MATERIALS, I 
NCORPORATED 

95054 ^'^^ nC^y-X 7 

^-3.— 3050 
(74)f^A 100088155 



(54) liHB:^^*. *ie«e> ^mmm^rf^<omt^& 



(57) 

±(cs i 02mm^m^^'^^h<oh^x. s i -^^/^ 

W©JlH^«E-f-2)R<t?:tf^S^tti* 1 5 S i -^^^^/^ 
w JiIctK*;*/^ G h t K^;^:^ G o t yi^^l-^ ^ <t 5 
lcn^#€r«il&-r^K^S:*^-^«*&5R 1 4 i:. S i ^:n/NW 
SrJDWR-r 6 7 9 GS.TJ"?^^^^i^SP*t 3 i:^iri, 

^■W-'^2 t ?r1ix., S i >j7j:/NW^^^r Vv^2rtl'ilX 

i>3iyNW^^ab. 7K*;«f^GhS.D«gf^;^;^Go;eiS» 
-g-$ttfcKlS;!f :^x5r^^ w< 2 f^ro^ra S b (c#t*& L 
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^j^':^/<rtroff:^^o. 5~2 k P a ir'fe^J; 
t!»*«4] glteK^S;(/:^«l&XS{i, nmmi<^:if 

5/:/, ^Wi-^>::i:S■^^Sl(i:i■5t»*«l~3©v^■f^^ 
lli*3j5l gil5SJS:*f^^*&X®lcioVN-Ctt, Btlie 



;{f X ^ its J; 9 tc, mifeiPift^as t Wte^i^^t-^ 

l^$4xfc*S«!.SSf*i:«>M{-. KH 1 ^^SU'I^IS 2 

0. 5~2 k P a t/cCS<J:5(-PSWBg^£t>ro-C'fcS, 
lft*« 1 0 1 MISRjS;*^ >^tt^lfl5f*, stiles 1 W:^ 

[it*« 1 5 1 n\m^mt^mm. tux, mm^if- h m 
^mmf^mm^h. tmm^^x'^y^^^fz.^mm^:^ 

?rMit-t-SCi:^#mi-r5.ii*«l 4|S«Wi|^* 
TV^^tf^T-fc"?. ^I^fig^^fitt. iftlEm^(75'>''=C 
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[ft 1 8 1 m.wii<Dmms {-sea ^ ttS-og-ftiKR 

if *3S 1 ~ 1 7 roi/^-f H/i^— ^l-IB«rofi£l^«. X 
1 ~ 1 3 ^-r^^*>— :Stc|B«<0^^fetc 

So 

1 0 0 0 1 1 
[0 0 0 2] 

ai^Mi: b-Cfi. ^Jx.(4\ ^■ir>^^F^'e*®^it^*tl- 

b?^i;i5 h'&mMmi^%:Mm \.xmm^mt (Rapid? 

hernial Oxidation ; RTO^W K^^^-fk) -t'2>^fi^ 
[0 0 0 31 

[0 0 0 4] rcDieiTte^^i-^fb, m^<ORTO^<0 



[0005] -err-, i 5 /i*'tt{c®;'f.T 

[0 0 0 6] 

fco :L(D^izidi-f?>mim.it^<DR}tJSm\^^^^xjiK 
[0 0 0 7] i-j^ei^*?, 

m&i^±K»m^j^^-r^:^^X'h^x. mmmmwo 
TMt. mmmi^n^. mi<n>i)^k. ^(Dm\<r^-» 

:it^w»t-r^. ^thhmi±TM. mmrMRxisat^ 

i,K mmiMt:mm\.xmmm#<^mmi^\^tc 

s:it:)f^mmTM^mm.mcmm\^xwmmmw± 

\c:ffy^m^^%:n-^XKit^:^:^ff:>l^t)^Wi^(OI^:htVf£ 

[0008] *J^K*•fe^-*3v^T^4. ^^aas 

[0009] r ©RfStt, ij[M3®S<$:cO#ffii4^?>^-« IC 
[0 0 101 1j?«!!aSfl!:;!iSSS$nTr.K)*jc«iS 



(4) 



i|# 192001-274154 



05JE:^jS:O. 5~2kPa (^4~15Torr) h^i. 

[0 0 121 *fc$5>(c. ratS:^^«^XS«. Ill CD 
;<f;^ iris 2 <D:ay^ t (Dm-^m^^^^t^-^^:^y'-y^^ 

So 

10 0 13] ^hlc^tc. RJ!S;^f;^■tt*&x@(c^av^-c 
[0 0 141 :B:^6<)lc:{4, ^l(D;«f;^:d57K^:^f;^-efcS 

[0 0 15] ^UT. 7R^;tf;=<.t®^*;«/;^i:'^S^£?■c•|g 



7-fmit-^i^-^^\^itVX. S i 02Mro^]K^S:d5*S 
[0016] X'O *i*«)t-»4. LT. 

tzS i <>:i:.y^m<0^^mMWiCM\^X. ^<r>W}C^^^- 

m^W!ct^ i 0 fa^. '^^<r>9mmimxc i 5 a. 

2) S i ^7^^-^'^(DAII^.fi^5:'ct < ''ioTS i ":>3i/s{C 

[0017] CVD (Chemical Vapor Depositio 

n-A\L^mmM^m fe. #(ii«?aCVD (HTO) ^ 
^{Cj;?). ■piJx.tfONO (^^bM-^-lkl^-SS^kK) « 

TV^fcl„ -TJ^Ct^^j. «SXSSrHlHltT5 

[0 0 181 r(Dj;5'fe^J&5lE<^*?*tC*)-L.-C. if-WPiX 

^<D±.\zmk(r)W T O i o T^^k^^raS ^ -arHfi 
aSXeS:-|E]tf Pfcitt-t'fo'?, ^:fem-t4> HTO 

tSo 

[0 0 19] *^B^{Cj;S^«i4:i^«»$!i5fi;^i£ 
{J??^c< i'b-lFI5^?gfiK-rs:it^#mi:t-So 
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[0 0 2 01 ±^(0^:jLy hmit^HTom 

[00 2 11 i|^^»«:$gBi: UT, 

?^^V^ M:i^tfyi^ii> EEPROM (Electrically Era 
sable Programmable Read Only Memory) tOSiial^s ^ 

OM (77->'i/^p'^y) Til. r<D»l^X.ffiffitt(^iS 

Sic J; ?)m^b:aff^fi&/i5^te^ce<^-e. ^Fi^isit^ ^ y 

[0 0 2 31 *5g|^lCj;5^l^eH> *I§B^» 

||lco;«f;^S.t/ll2«;tf><>SrW^SK 

[0 0 2 41 ^^m&m^mm.^f\'X:L(DWii^ 

gpfl. ||ic7);(f;^S.tJ'^2cD:^;^;i5jg-g-$tb?)J;5«-. 

[0 0 2 5] -^fc^ bl-. i^aStt, 
H, Xtt. f--Y>^^F*9<^ffi;'3^5 0. 5~2kPa (*^4 
~15Torr) i i 5 l-PS'SIfiB'^i tWCfoSi 



[0 0 2 6] s-ftKdsjKfiSi^nr 

[0 0 2 7] *^P^<D^|^^^«:^W1. *^l^tCi 

[0028] i r-c. ^mwrnrnt^. wm^- vmm 
■r^mmmtmimt Timm^ixxm^^ntc^wm^^ 

^y, #lCEEPROM-C-fc5i. *^l^«ffi*T*S() 
[0 0 2 9] 

mmBm\^<^^^xm.m-t^o ^<cfc\ i^— roig^icni^— 
:&^<D'^^«M«(r:ov^•r(l. ii#tca:^L/<«v^i5s«9. mm 
[00301 mitt. *|§?^lci5jife)^B<^»jiJ^c* 

-C'fo 'J . -<-:^§15 2 a , {RiSgB 2 b S.t>*Mei5 2 c 
$ nfc^ •y>'/^2^(i;tfcfc»-Cfo.5o 
[0 0 3 1] Z<0'f-^:y^<2\>^\z.ti. S i !?a^/NW5r^ 

U— A 5 roJlClC^f-t y U— A 6 t 

{1, S i ^^^^sw«3is/v?g|5d5Xi^$ix5^1tffl^^6 

«Flfm3lc5}^$tvfc4^^ (Il2#0g) Til. S i 
/NWcoKffift'llc. ^SB2 a i: !j7^^^^:5^ia5W3 i: S 
i ^:r.y^WtXmt.Mcm^S ai^J^^^tl^o 
[00321 2 a ©TlfPtCH. fflKiio jjf 

5/ h (0:^5*1*) (Cj;!5^-^://^2(^tw«R3l$tv:fcS i 
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gi5 2 a ^MiibTS i ^>3:./^W^jt*p±tf -SIS^* (fi»J 
10 0 3 3] 5^-y>/^2(0^lfi5 2 cCO±:^lC 

P,tt5o *fc> -<-^lflJ2 alcf:i. S i >?^/^W(^ia* 
ita5W3icHSnfcRfl^7"i^-M Kiisv^-C, ■^©4' 

V ^2)„ ±ifi Lfc^r^l S a {45t^6<]l^(i^^^iM^ra t 

[0 0 3 4] ^^W<2©ftiMg[5 2 b(C!4,' 

Wl&q 1 2 i:;!f^#taP l 3 ^idS^flpJUT^tt P>ixTV^ 
;^^Wil&P 1 2tc:{i, v/-<2rt{c*3(t5 s i 

X o {ctt*&^Sfci6(^>KJ^?;«f^«i^^ 1 4 (^^Bwlll 3 

^Fh^ S b f^w?y;=^Sr^-y ^^^-^ 2 iTJ^gpi-S^tti-fSfciexO 

T'S 0;OSBB«Sr^^^bTg§i^^i^•CV^5, r(7)5HV7'5 0 
tt^-V>'^'^2f^<D^PflS a , S b^Mffi-fStf^T-fc 
t). ;(f;^#ttjn 1 3lcg^^$tufcial=, 

[0 0 3 5] ^blC. ^— ;^?a5 2 a(;5R?i^:7°W— M 1 

(Cli. ;«f;^W*&P 1 6RU:iJ:^Wtiia l 7 yiSigtt bixT 
v^S„ ;tf;^Wif&p 1 6 ^rflSarti;!, 0iJ;t«, ^ 

[00 36] blC. nmyi^- K 1 1 t75j^#{Ci3 

It S -fe >-9-^«ffiJS Sr^tf SBttlctt. »r® L ^co?g^e 
>T-2 0;45Slt?3n> r©2;§e>i-2 0<^>rt{Ml-;</:^#t*&R 
1 6*sfl^j«^ttTV^2)o Rfl^:/L — Mi(c*3V> 
Xt(0'p-L-A^h:ff^^f^a 1 6 ©R^ft'll-t^-f A^t--f 
fc{i£«lc;</;^#aiP 1 7ds?^fi£Sn. ;tf;^tt*&P 1 6 i 

^^:?io-cv^2)„ mt^iJ;'?, ;<f;=^#tl&P 1 6A>^^A 



100371 03 mi iZ7jk-tmi}^^U 1 ICioJt 

4 a i:^*;(/;^#t^as 1 4 h t^m^tch 
<D-efc5o 7K^;tf>^#t*&g|5i 4 a(i, 7K^;«f^tt*&ag2 

1 a i;. ^^l^y<2(D:^y^m'f^^ 1 2 i:7K*:^^W?«M 

2 1a t(Dmcmiihfl. 7Km:^^i^^M2 1 & -h>h^ 
MS brttc:W*&^tt57k*;^;^GhroJgti.Sr3{-i^ • 
l-S^Vl'7'2 2 a -?:(Z)7K^;tf^GhK)iS*Srllfii" 

23a {MKommmu) ttr^b-CV^S, 

[0 0 3 81 ^^;«f^tt*&g|51 4 bit, 

#t*&ag2 1bi:, ^■y>'/^2cD;<f>!.#tjiSP 1 2 i:^^;^f 
y^^^W,2 1 b i(73ra(^^(t?3ix, 2 1 

b d^b^F^ S b l^i''et^^n^^*:«'^G o wjfeJx^;*- 
• :^7-r?)^Vw^2 2 b ^<Of^-ff::^Go<n>mM. 
SrS^S-f"SMFC 2 3 b (H 2 co?5it*I^Sa5) 
TV^So -^bX. 7R*;^f^#t*&^a51 4 a 
laSl 4 b ttt, -'VW7'2 2 a, 2 2 b i;«f;=^#t*&P 1 2 

;tf;;^#t*&p 1 2ii:s^rrorros-&$p^'*3v^ 

7K*:?!f;^GhS.O^*;<^^Go;65^g-g-$ix. 

[00 39] — Rj^:;)!f^»ai5^ 1 5 (ME^) 
^■y>'/^2C:^^SNH[iP 1 3i;iS^^ixyci:/w-yv'-r = 
:x ho— /w^vwy (EAT, rpcvj i:v^5) 2 4i:, 
r(^P CV 2 4 ic^gg^Hfc^KVTT'S 0 t Sr^rb-cv> 

MS bi^^^b#l±i^nfc:^;^(4^i5'9^^s c--jgbix 

1 0 0 4 0 1 *fc, ii-a->!f^^*&^ 1 8 {4, ^^;«f;^#t 

2 5 iLtimm-^y^Wi^W. 2 6t. =f-^^y^<-2(Dii7^ 
^^P 1 6 t mbC>;</^W^i!S2 5, 2&}i<DmcWL 
ite>tt, :mb<^;<f^#t*&ai2 5, 2 6A>b3gMSart 
lc#t*&^tu5?ii-&;!«f:^Gk<DSKixSr:^^ • is-vt^^^'^ 

>^(D^5StS^Sr^^^■?^^®J»-rSMF C 2 8 , 2 9 i: ?r>t b 

1 0 0 4 1 1 Ha.:^. U-^ii^^WliMh 1 9 (4, ^-V 2 
£D;<f^#ttlPl 7tC^iK^n. ^Pb^S a f^/4^b^•W/<■ 
/py^ro^^/wy 3 0 i: , r (D^^/v-^ 3 0 
^ix, ^MS af^;!)^f3Pai$n?);<f;^(^^*x5:;^v • ^'t- 
7•t"■5^^^/^^3 1 - co^/-<>'i'y 3 1 coiliSJj'ffilKCitfe 
?iJ(cS;0^$tvfcM«]^^^i':/3 2, 3 3 i:, M|ti^</wy3 

3 <0-i3cfi!l{C!Kt^M*ffl«>7 ^ /U^ 3 4 LT»^$ 

^MS art/!)^ib#ffi$ix5;;^;=^<oiiS*%^tt}i-?>-^ 

;><— (tAT. TmFMj tvj) 3 5 i: SrW 
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[0 0 4 21 ¥l^y<f\^^^ 2S.tW^FM3 5 

S c t(Dm<0^:^Wtii&^i^i^. ^Fb^S a [^d^bS^m^ 

p>nt:v>^. ^^>'/^2<^;<f^S^mP 1 3i:PC 

V 2 4 1 <Dra<^:<f^SNtBiBsst-«. ^ra s b p^t>hmm 

[0 0 4 3] ±iecOMFM3 5. S*-feViJ-3 6. 3 7 

63 8--i^bn?)o rro^Jt»3ge3 8(ci4. 

3 2. 3 3<DMHSr§]<9mx.Sfc*W^^;t70A:^^ 

g^54 0i:/5S«igc$^tTV^5o SiJ^^«3 8(4. MEM 3 

5 . JSS-fe viJ- 3 6, 3 7 (D^^mm-^Ri^?^:^^^ y 

■&(DWvm^n^\ ^ro«!.a^*srm^ft-^i: l,-cmf c 

23a, 23b, 2 8, 2 9; Ml)J/Vv:/3 2, 3 35: 

mms.^ 8 ft. «^«ta*-fei^-tM orotas^^^iiiffiics 
^\,^xW^(Dim7:^-:^9^mmu s i ^73i/NW(Oia 

[0044] m^. -<o± 5 ''.csj^sss 8 (Dfmmm 

*&»^^SI5 3 8 a t , *|g!]/^/wy©^^«a5 3 8 b t . 
?l^;(f>^W^*^Sgi5 3 Set. ^D-fe^^tT • f Jt*lJ 
irgCS 8 d t^^LTV-'So 
1 0 0 4 5 1 *-f , K)f£:;!(f ^^^i^S^^^fP 3 8 a m 
g[-fei^i^3 7&t;5/x(*ii;^-fe>-9-6 ocoi^m»-Sv^ 

MFC23a, 2 3 b S.t^>i<V7"5 0 5rSiJ^L, ^ 

K S b i^(c^^^$tv?)7K*;V^G hXt;5S?^;<f:^G o <o 
Mi^PSE-r^o r^^^cJ:^), ^[ffls brtlc;Jo»t57K* 

;itf^Gh t^^;(f^Go ttOil-g-fJ-^ (M;^f;=^<D^H-t* 

SiJ^Se 3 8 -CftJ^C <,MFM23a, 23 

b RtJ^/XI4'H:/7' 5 0 iC^ltT t 

10 0 4 61 *fc, ttlto^VV':/^^^^^ 3 8 b (4. A 

.y^3 9*»?><^*t^ft-^*^^7'^i:^f-f*> 
/</u:/3 2^M^^Ss 3^P^^ii«lw-t-^i 

5 ''i^^^t-^^rWgb^^/v^ 3 2, 3 3 tctti;^ 

2. 3 3 (rttj;'3-rs, :i(73J;5(-A;'3^'i'5''5^3 9?::^ 
V • ;r7{;ii-Sf£ltT-t*ft^VW>^3 2. 3 3©r>§Hd5g 

1 0 0 4 7 1 $ bl^, il-g-;!/ ^W^iK^gP 3 8 c (4. 
MFM3 5(0:^UifiIlcS-:5V^-CMFC2 8, 2 9 



»Sr^Si--5o iS^;</^tt*&a^^S15 3 8 ^F^S 

a i*gicet*&sn5ffi-g-:«^;^G k (ommt^m s a 

^■ft-§-^^fi8,bTMFC 2 8, 2 9 (cm;'3-t'?>o 
jg-a-yf/^^J^il^SSiSS 8 c nrnmi-i. SlJfflliS«3 8-C 
{4)^i<. MFM3 5Xf4MFC2 8, 2 9lC^«tTtJ: 

[0 0 4 81 ^tz^hic. :/i2±:z.mf • ^±nf^^3 
8d(4, jgS-feVf-36, 3 7S.TJ5ffi;^-fe>'1^6 0«D# 

(c, ^ttm^«)^J* 

(D®ffl^^1-nfc^,^-e. s i ^73i/swcoip^,MS^'f Jt 

-^^<^ 7'i3-fe;^43Jh<t^S:MFC 2 3 a, 23b. 2 

8, 2 9lcai::^JU ^^:/^<2rt^';<f;^;is«^$^^'fev^ 
[0 0 4 91 ^JP;t-C. ^n-fe^!K^f • 4^Jh#lJ»r?fB 3 8 d 

954 Olct.W;'3U ■7°x3-fe;^4'Jt1t»?r^^SP4 Olc* 

^^■It. *g-icJ;o-C{4»«^l§*$-ar?>o _hia 
(D^n-fe^4^ihffi-^^#J!)P#ft7>:/9lci||mU ^-CW 
*PII&7 i^T" 9 wai;'3 b-C t J; V \ 

[0 0 5 01 2felC. *|6PJ«>^)R*fel-'»5)^i?3i''<fi**S 

[005 11 i^^;iS7pfiH4;<f;^^-ea^XI4*« 
ffiV^TMS-T'^t-S i •?3l/^W^SB3l^-f-?)o S i '^SL^^ 

l^tc'^m. -r^J:i:>ib. y</i^^2 2a. 22 b, 2 7S.T>* 

3 1 &Wbfc^ffi-e7KV7°5 OtrSteU 
:xy<2rtS:^i-'5 (®ffiXS) o ^bX, tA^<^^)^ 
*aS(-*3V>r(4. /}<>-7°5 OSr^^fSteb-CMil^^^ 
Stlti-So ^-y V/-^2t'^i!iS^^(Oj£:^tJ'<Cofc^^t?, 
h$|5W7icJ:*) 3*W^i$t'V8?:Ji#$-arTS i 

[00521 iklC. y</i^^2 2a. 22b SrM#. *J«1 

S^a3 8/!)^ibMFC 2 3 a, 2 3 b (CBIf:^<^?jKfi^^<S 
-^^i^ttj bt^-y V-'^2f^(D^FBlS bl;i7K^:^>«-GhS. 

S) o P5#J4^YV^^2<7);«f:^«t*&P 1 2<oWM'0m^ 
^}v. ^lt^:ff^Xt b-C*RfS<^4^«8T'SFfl S b F^ro S 

i ij73i/Njaiasrjjitiib, — ifBd5;y^#i±ip 1 3t>hm^ 
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[0 0 5 3] /^/^::^2 7, 3 0, ^^VW^Sl. 

pm^W: 38*»e)MFC28, 29 ^<^iK»^^^t 

■§-^i^tfci Lt^-^- 2 i^cD^M s a (:iii?^;</;^S:r/^ 

(dim?) i3-?:tbf4=F& if \ 
10 0 5 41 ^LT, MFM3 5<75^^tt5{a:§:^WbJi:>45 

3 0 J; •? ^FbI s a A>.ibfiO;i!/;^«5S^ttli!K»SrliS-f 5o 

e'3i/sS:l^gi5;H-3i:S i '?^^^WtcDralC 

[0 0 5 5] ±5zB(D7K*;«f;^Gh, #*:^>^G 

oStJ^?S^;<f^Gk(D#t;^i:iat^l^^lc. Iglii^g: (HI 
ici 3 ^^Bteieft^-ar-c s i 

1 0 0 5 6 1 Si ^:^y^Vf<r>fU&t^W^tUMK^^ 

i^^ai/NW^^RK-rs s i m^B^ s i - s i w^-/imM 

S i J^,^:*5®E^b$tt-CS i 02^5^^l^So r»<};5 
'^C^'fkSJSJiS i '>3^^^WO#ffi^^brt^^i*^TUTS 

[00 5 7] -Jj. ^mSa (Cfclt 5 S i ^/^i/nW^® 

(cb. S^gg'fbi^-efcSv'y =■ vffieg-ft:!^ (sio) <d 

{±l$^xf-;(f^^5MFM3 5^a5J: 5t-i'So :i*t(;i<t 

^ras art*>'P>#tli$n5:^^<^j5S»i:?gras art 
tc#t*&$ttS?l-&>!^^G k (DmMt(Dm>'^^iM.K^i:^ 

M S a rtcD;!/^3!i5^rBl S b -^A-f S - 1 ;!i5+5^{c|»Jt 

[0 0 5 8] ^(O^. Btf^HtPsmil b/cB#,-ST% S 1 

5:Biffi<^e':^^^«emia« mx.\t. 7 sot;) ir/iSi 
5 lisw-rs t mc. mmmm. 38;5-f>MFC22a, 

2 2b. 28, 29 {cStfiif ajt#;5Siiim f^ir 



x<C2rt--©7K*;^^Gh, ^*:<f;^Go5.t^il-&;*^^G 

k CDtt^^ff±i"-5o S i -JJi/^Wroia^^^t^^iyN^ttJ 

i i^3::/>w§r^-V>'^'^2 0)^1-$B{c5l>5l±Si'o 

[0 0 5 91 rrT% 7iim^:^Ght^m:^^Got(D 

:ff^Ghi)m 3 0 V o 1 %iJiUi-^*ix5 i:fi£K)SS*5+ 

7Km;tf;^Gh<OS-&f'J-§-S:»*L.<»*3 0 v o 1 
i9»^b<(40. l~20v o 1%, 
*b<{-i0. 5~5 V o 1 %i:i"5i:^tfiia"t?fc5o C5 

[0 0 6 01 */c, S i -^ai/NWrojfiS t 

ii^iiK »*b<J4> 8 0 0~1 1 0 0^, J:^)^ff*b 
<tt8 5 0~1 0 5 0'C-C'fo5t»3i'efo-5o m^MM 

[00 6 11 S;S:«f:^X(0:^, -r'Jct?*>, ^ 

FbT S b cDAm:^^ G h S.t/M*;^;=^ G o (D^J£<D^ff 
tUTfi. »*L<t40. 5~2kPa (^4-1 5T 
o r r) , J;'9»*b<(40. 7~1. 7 kP a ms 
~1 3To r r) , !ittC»*b<{40. 8-1. 5kP 
a (^6~llTorr) T^feS ^»5a-C'fc5.„ rwjl 
0 . 5 k P a *?^T-fc5 i: , +^^'^£^^3*^ (S^S 
>5s#ejti'jfcvMSif{-7K*;<^:^GhS.tJll^;<f^G 

dS{£T-r5«|6]l-fo5., ±mS.t)f)^ 2 k P a Sr® 

[006 21 u±m.m ufc i 5 ne^^aai^s i , Rxf^ 

2rt^^:JlX^^^^fcS i >^3i>'NW<D_h*-t=:*^:^^Gh t 
^^;!f;^Go i:;4S?S-g-$*iTg?Eai$ix5„ S i ^^^>^W 
«*Pf^7i^7°9*>bi^«M^lCJ:o-riB^$tv. S i ^ 
:y^y^Vi(DW.±-cn. 7K^;<f :^ Ghi:^:^/;^Goi:<73^ 

<ollia lcc:tue>w<b^WfiH4a^siij^eo 

S i •>3^/^WJ?•ffit?(±, s i - s i^-&;i5^Btb, 
[0 0 6 31 r<Ott, S i 'ifaiy^V^<DW.±X(Dm^R 
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Wife*, s i 02l«'^^l^i£S^^*&^l-f^-t^^^» 

[0 0 6 4] *fc. S i ">3ly^W©*ffi:^^^^ (^VW^) 

■\-^\cmtitch<r>tt£:^o s i ^7J^^^W(DE 

[0 0 6 51 LA-t. ^IH5^^&lcJ;5'>:n-;/ h®?<k<^ 

[00 6 61 7iim:ff:^Gh tmm:ff^G o t<o 

m^t*i^t b-c. 7k*;«f;^G h 3 0 V o 1 %^±^ 

tf j;5(-i-tt(i. RK)«jiS>45+:9-{c|pl±$n. S i 1?:^ 
ir^^i?), — 7K^;«/;^Gh«)^ir&«iJ-&^3 0 v o 1 % 

mm^M^X'^^o 

[0 0 6 71 *fc$bJ-, S i '^s^y^WCDU^ (j5gM?fi 

m) ^800-110 o^t-rnit. ^mmmmm\c 

SrO. 5~2kPa 0^4~15Torr) i-r?)^^ 

[0 0 6 8] b*^t, ^PbIS artA>e>(7);^^©#tt5^S* 

5J; 5lw/</v:/3 OXfiMFC 2 8, 2 9?Sr»f^-t-5J; 

5lCbfc(7)T% ^WS a[^(75il;-&;^;^Gk«5^rBlS bF*3 
lv:A^))Z^A/r-S i 'J'ni/NWCOS i 02Krofife^t-®^^ 

6 S.t;5;)tf p 1 7 ^, ^-r 2 (O^— ;^ia5 2 a {C 



1 0®ffl^^gBtcWS!^i45#&LT^j, ^(DWSi^»4;</><. 

t-i^i:iiiK$nT;i!f^SNUlP 1 7*>e>SM^ax5o 

■C. a^-feviM 0tv:J;SiaS^^^m©^^tt€rl6l±-Ct 

[006 9] ^«ia^« 1 ^m^^ti^M^&icm 
^*<)^v oi%t LX!^mm&^nx.ti^mx^m<o^ 

23a, 23h^UmU ?EmSh\H<DR!t^:ff:^X(D± 
EE^-^l-^Si^L-oo, yic.m:ff^Gh<D^mm-t^m3 
0-^35 V o \ %tfj:^^oK. :^m:ff^GhRXM^ 

[0070] roi 5 ^£j^*iS(-iixii. s i ^^^^ 
W#®lCi^— t±lC— ^tStbfcS i 02Ji5rTtSit 

[0 0 7 1] 01 4 (A) ~ (E) *^PJ«c<t5ii^ 

1 (D^ffitc. mmtici.'oxm'^^Mc h ly^j^mm 

8 2 (Mx-tfl^l 0 nm) , RU-^ C VD&S.t>*Bff^ 

ffi8 3 m^iitmm-i 5 o nm) ^^mM^inft^fim& 

^(014 (A) ^JWi-rSo 

[0 0 7 2] r(73^*aSIS<*:»Ky v-y 3:>'li8 3± 
tC. LX<DmfS.tP (Furnace) F^t?, 

ta^tBfigft (HTO) i^'OHmim^t^ 5 nmUS. 

(Dmit'!r^mms4 i^m^-r^, ^<d±.k, ^cvd 

ffi. JgU±^ti^« (LPCVD) jS^(rJ:»))gU?*s0^1x. 

til 5nmmm(omt^^mm8 4 2 (.mm) 

-ti> (014 (B) #fl§) „ 

[00 7 3] i!)Cl-> ::<DKMS»<*:Sr0 1 S.tJ' 2 tc^T^-f" 
W^m^m. 1 ±5B bfc*^§^ i 5 

m-r^c rtLicit). ^'(t:<>--r*K8 4 2w*ffi}4. * 

a-fk-i^-fi^^S 4 2tf (Z>S i -N^-g-dS)WI8IU 

RjSlCi^^^li^'l'^ (Si02) r(D 

SiStt. ^^t:H^<^i£«Scjgm{-ioTS^b<5r'i'^M8 4 
M8 4 3 (^-ftJei) ;dS?^fiK$tv6 (014 (C) # 
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m) o 

[00 7 4] A^^X\ ^<DX 0 \Z.J^^^i\.fdmL^4* 

M8 4 1 . mit^^mma 4 2Rxmit'tr^mm8 a 3 

ji^fig-rs (014 (D) #HS) o rojKyvy 

[0 0 7 5] ^H/i^b, l21S^L'iCV^7* hW'v'^ 

Bff^?i^*tro^-«;5'— =^^^Srm\ 4?y vy ^vi^s 5, 

y w ;r vcoaASTj5^ssr=ff oT y — 9 
iSrj^sEu ->y 3>s*58 l(o^^^ict^-r 
(11114 (E) #B?,) o -©m> ^sro^as^^ 
tvfc/K y v- y 3 >-M 8 3, 8 5 ^^fh^tcm^^— v M 

n^8 5^Hir) t-r^^nm^^'^v i o o (^ 

[0 0 7 6] ifktc, Iill5~19{cj;(5. 

mmmm<D-n^m-tm^^^mxh 9 . la i e stj« 1 

10 0 7 71 mi 5~l 7 ic^-r<t 5» {-^ 

y 2 0 0 (4> 1 1*5/ b ^ y -fe/w-dsgf^®*®^***^ 

«^ (0lJ;^f^^ 1 Ol'^cm"^;^— y-) ^*i-SPM<^ 

v'y3:/»t5t5 i±le:?^fie$txfc-o(OEEPROM;0^ 
blt^^nxv^So rro;^^y-fe:>'i'tt. i^yavStSS 

1 RnNm<D K 1^1' V-ffi® 6 2 i . -^rCO^^^^iitiJ^t- 
J^^$tvfc7^--/vK^^k^7 2 vy 3>S«5 1 

ffi5 3. if6^5 4 («@WiteigtlR) S.VS'Jffli'!^- h« 

[0 0 7 8] tlT, rcDj:5{-«^^nfc^»|g^4^^ 

y 2 0 0 srMjt-r5^i£o-«?!isriJiia-rSo la 1 8 

(A) ~ (E) , 01 9 (A) ~ (E) RXfm2 0 

(A) ~ (E) :*:^P^lcJ;S^*ff^Sl;^#?)fdlc75 

[0 0 7 9] *-f. p®<oexy =i:/Stg5 i^ffi(^BifS 
(^!lxL«®*{4 (10 0) (-E)fac5P0lPi 

(100) (Z>i^iR]) {cM*Ei-5*&^i^«>^^45-SI® 

Sf^^ («B|;ttf5 0 0~6 0 0nm<75LOCO 



SMco^-r— /WK^'(t:M7 2SrffM-r5„ ^^^55- 

J? m^itl 0 nmS^) (Z5 hV^^yW^-fk^S 2Sr?i^^ 

[0 0 8 0] ^)l:v^-c^ c VDj^tci 9^^^ (^?!l;t{i 
1 0 0~1 SOnmgS) y y vM^rJ**^ 

-ft, r ©jk y y 3 bt y w :ti^%:m^Bm 

y v- y = (Ki^T. TTKy iyy sv^s 3j iria 
■f) ^m^-r?> i^m (a) ^rs) . ^p^ic, rros^y 

y 3 VIK 5 3 0*ffi*^^»WS LT ^-<>'^^SSr^T 

y^-— yuKg?'fkl^7 2±OjKy ixy 3?rl^ 
^^-/uK^-fk^? 2FBl{c:7Ky->y ='>m5 3*s 

saa^tbs J; ?(c-r 5 (#121 (b) mm) o 

[GOBI] El 1 4 {CTfrf-^&m^S 4 STfl^^-f 

mm. R-a-. m^Bm-<r>m^. m^^ \ snmss) <r> 

•fr. ^^k^ir^ miRil-Ff^l^ (0"Jx«5nm) (D^it 

^-(mm mitm) ^mm-^. rtvi^io, ono« 

[0 0 8 21 JS)CV>t?, rroJfeigdKS 4±{C, 

(^ajxLfi 1 0 0~1 5 0 nmS^) »*yv'y3:/MSr 

i •5<g:ti:fet<^'i< y y ^ (KJ1.T, TtK y V y 3 v 

1815 5J tlBi") (#111 (C) #M) „ 

io, /Ky v^y =:/M5 5<75*ffi(c<5':/^^7^wyi^'i' 

y i^y 3:^/>^yih^ K^ai^t L-Tt J;v\ 
[0 0 8 3] B(f^<D^^;?— >'Sr*i-57:^- hUi;? 

yvy^-^/^ss, «&^5 4, Ji^y v-y r'^'i^s 3% 
JiH2*:m;^tt^s'^>^-t"'5 (#111 (D) #fiS) o wtt{' 

it), 5Ky '>y 3V)il5 3, 5 S^J^S^aSr^-^^j^ifiy- 
#jsy- h«iS5 3S.u=sij^y— h«^5 5 (Dmm 

[0 0 8 4] ^M^h. @f^^^*^ — :^Sr^-rS7;*- M-' 

i^P^him (m^-tir-f) <^jK)^L.7^'->'i'K^^b^7 2(D 
^tii$|5{4Sr3:-s'^>i/bfc^, ^ffiUfc->y 5 
KDmiHC]) :yRn\^m4:t>mA^nOo ::.(P7:i-h 

J;«7 y-;^ffi«c6 lS:«fifei-5„ m^X. ^tfXm^J:^ 
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(E) #08) o 

[0 0 8 51 SPp^Jfeigy^ (El^-ar-f) 

I 0 0 8 6 1 r cDi 5 i 6^^^*<4^iSfi«Mjt 

100, 2 0 0{c:*5V>T{i. ^fC. *fe^^5 4. 8 

[0 0 8 7] mti, Jbil!bfcS i '?^^^CC»^-^kt 1^^ 
tc. mit^-^mms 4 2E±t?(0M^«ISPE:{ce@bT^k 

ift $ tv. ^m(Dmit^4 mj^ 8 4 3 <o:t^^^*sii5fe p> 
[0 0 8 81 *fc, ^^^:H^=■-cfc5'^k^6<)?s^4a^4. # 

®*-Cii5«)?>ttT*3!9, ^<^^*. ^^t'^'<^^8 4 3 

[00891 wWipt-, v&m^itx^x^mm&^Tif 

-> y 3 :ym^ 5 1, 8 1 --©ASft»> 19 y 3 >s 
:K5 1. 8 l<7)1?*i:ft?^^*&S(C®«-r'#S„ Lfc;6So 

X. 3vs*55 1, 8 i^<Dmt^Mmm&ft. t 
ofe*. V y 3 5 1, 8 1 (cs •? ^mmmt. 

100. 2 0 0©<tffittS:|p]±t?#5o bd>fcs 

5 4, 8 4.(D^mi^mi:mmx^i><Dx. imjM^i& 
[0 0 9 01 ^ bid, tJ^jfecD^/j^s/ h^jtr-tt, fife^ia 
o-c, fiSclSTIfBtOTtf y y 3 :x^B^B^5^<li b, h ly^ji- 

imm 54, 84 srj^^T- 1 5 <DX\ ^m^- hmms 



:^^>yum\^5 2, 8 2<Di^it^+-^\cm±X'^^o :i 
nicit), ^S^^^y 1 0 0, 2 0 0 (7)»#ix.«SH 
14Sr5Sc»-C*. «fe^lHl|^<lr«:*cb#5o ^tMl. #^ 

[009 1] *^?^lCj;oT@f{t:y^^K8 4 3 

%:wm-ri\^i-£. mt^^mm8 4 2±{zcwi>^ (ht 
ib. ^m^mmvx^mmm^m!S.-r^<o\citLx. m 
^t^icioT^igdKs 4, 8 4^m^-r^m^iiciti.x± 

(0 0 9 21 $e>t-, itei^5 4, 84K)|g[ff©rie>o 

®S{t:'^'l'^ag8 4 iS.O^S'fli^'l'^aS 4 2<D- 

mt-itl-fi. ite^5 4, 8 4(r)|^ro{ibo#«Hg 

oi^tc <t o -cjsRig $ ntzmm^i^it i.xmm<Dm-'\^^ 

r6]JiT#S„ b:fc;SSoT, il6«dK5 4. 8 4(Oj^Sri 

^t;f-+5^i-mb#s„ 

[0 0 9 31 Sfc^PjJi, CVDSTii. MK^^Vb 
a— /wi-5W(cli:)|s|-;«f;^ i:^ie®«i:V^ofc«^©Mig 

<koT. ^^b'^'fm)^8 4 3(OililCro«iJ^14^3felft?# 
Jh-C^So 

[0 0 9 41 :^mm<DKmfj:mmmmic-D\,^xm, 

jz^i,zi:-ox=^^/v^~f)^m±-r^:»^x$>tn-i.^ mum 

tt*&p 1 2a:}m.mxm-^-ric. m^<D:ffy^^:tf:^W^ 
p 1 2*^e534i:(c^i' w<2rt'^*AbT^-Y>-'^2rt 
-C'il-^-r S i 5 ic bT ^> J; V \ 

[0 0 9 51 s ^ms a\cmf^^n?>m^:ff:^G 

tT^i^^f^' (Ar) l|(©#;(f^tcD^-g-;^f;^S:'KfflbT 
txt < , s b tc-W^^-rsH 1 <Di37.mi-% 2 <n-fJ:^ 
hn^<nw^i3:^^my<^x\>mf^fi:\\ *fc^fji-. 
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F^S a {C?l-^;i!f;^G k ^lr«^L/£V^^i^^;l|*, S i ^3:- 
[0 0 9 6] /Vu;;^3 0^tt>*MFC 2 8, 2 9<0 

g m^t- i '0 s a roM-^;*/;^ G k i^^m s b id^ 
ir'^itt'^iV^J: 5 /i^lctt. J; 5 f4^#(c:M < 

ffiSb^^/i':?' 3 2, 3 3 ODMHSr^ib-C^B* tc^ t) ife^S 
TtjJ:(/\ $P>(-*fc, j8S-fevb-3 6. 3 7tt, 

[0 0 9 7] */c. nm'!f-hmm5 3, 8 3 t/^S^ 

y -> y 3 ^iK?rfig^-t-5 Siitc, y = >mm si, si 

{cy— ;^ffit^6 1, 9 iStJ'KWVffli^e 2, 9 2Sr 
^*J^figLTt)J;V\ i^^dl»5 4, 8 4{i, O 

NO(D3Ji^ftjt5:^ri"5 I PD ( InterPolyDielectric 

[0098] *^0J»^*{*:ilK©iK5t;& 

^fett. ^»^^^y 10 0. 2 O OOfiijgtJlPS^^iX 
^yiOO, 200 tcPfi^$tU-f . *^PJ(/> 

(D. Ru. :^^m<D^^mi^mm:^m\^J:<>xm^^i^tl 
[009 91 ^<DXo ti:m(oimi^mw:t ut^, 



I p om^m 1 4 {':^-rite#K s 4 i: mmici^m l 

feci 11-265987 -^iSii^diEm 

v'y =^>'^^t^rof^t)f-s lai 4lC;T^-riffe^8 4 

7-312394 ■^<2^^(::g5«0^»^tt;^ ^ ]} t 

[0100] *fc, * y ©-fe/HHJ^t LT 

(4. V^t?l^S. Hg5Ky->y NORM, DIN 

ORMs ANDM, NANDM. SEEQM, ACEE 
m. SanDiskM, SS TM^coHtt-Ct^iP^^ 
V\ EE PROM 

[0 10 1] 

[0 10 2] (mmmiRxj^2) mm.mwti.xs i 

(;i$B^B*|S], ffi*{4 : 1 0 0) (WS*JS<Oil:@ : 

2 0 0mm) ^fflV\ ;iCD S i -yg? 

^gl(D^-y://^2rt('lRSL, !>3:/N^it*|5$t3±{C 
««U7to ^^^-/<2rt^MJELfc^. ^-t^^^2F*3(v: 
RfS.:ffy^tLX(D^m:if:^RXJ^7i<.m:ff:^^mmmmfi^ 

S i ■>^^^(^«Sd^P)¥#:^ln]{-6®R)f 

JE, St;?, ^^:«^:^i:7K5ll;5f^i:W)iS'&S'J-^?r*l{-^ 

i-o 

[0 10 3] 
[«ll 















2 


9 8 


1 . 3 3kPa ( 1 OTorr) 




3 3 


6 7 


1 . 3 3kPa ( 1 OTorr) 


imm 1 


0 


1 00 


1 . 3 SkPa (1 OTorr) 


i:b««iJ2 


0 


1 00 


1 0 1 kPa (7 6 OTorr) 



[0104] ^LT, mi iC7r^-rS.lt:ff:^^WX\ fiKM 

mm (mmm) Rv^^f^^^m-^mt^-^xmitm 

t \^X<DS i 02^^M^^^t:.o fifelK^T^, S i l> 



3 mm#l^. 4 9 ,'^,Rff^ay^^#(CioV n-C, 
{c:*fi--5#*ilM (3 a) {4, *Ste0-yiS.tJ«2 irttd. 
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?)m^(D^mS.<OtihO^ 1 . 5 %8AT ( 3 a 
[01051 iitmm lRXf2) Si^?:^^ VXmm:ff 

fc (RTOT'a-fep;) , figMi^T^. mmmiR.xf2t 
let,, *jteF!ii^«»s*MMT-foofco ^tix*). 
[0106] {^mmf^bmimM-^\m-r^nm> m 

[0 10 7] CrT\ *^l^#e>(4> ^Jg0iJll-*5lt5 

iii.m^y^ (2vo 1%) ;5s^-C7K{cte<i:$nfc*&w^ 

^3i*«ii:*C^s — ^(cS:^$ixTV^5Deal-Grove (iSC 
i)^ : B. E. Deal, and A. S. Grove, J. Appl. phys. , 3 
6, (1965) 3770) (D^JZ-^f (UT. fDeal-Crove* 

(Dm^thK. #^St-/^$V^^* (O. InmtAT) t 

fi^fCo rcorti^). Deal-Grove^y'/V-eJi. iWiM 
1 tc^-r5^J60^J 1 ©^l^3SS©ii:*cS:tft!^-C-t T-^v^r 



[0 10 8] ^r-C\ iS>;li> |gSS«fyiS.t/2tC*5tt2)®? 
'ftM?^]**^. r.roDeal-Grove-=t7'v^l^t«^5*^*»?r> Ka 
niigaki<D#j£ (3:S)f : Y. Karaigaki, and Y. Itoh, Lpn. 

Appl. Phys., 48 (1977) 2891) (cS^V^TltHL-fco 

iii5~7{4, ^ih^nit^m2^ mmmiRxj^2ici6i-^ 

S^-rtro-Cfc-So d-T', ±5iEUfcDeal-Grove^xyl' 
{4, -^ICTIE^ (1) ; 
d2+AD = B (t + r) -• (1) 

[0 10 91 — 05~7lC^-t-#^7 7{4, V^-rn 
tTIE^ (2) ; 

t = ao+ai • x + a2' x2 ■••(2) 

a iS.tJ'agfi^^^^-t-c ] T-*^ix2>-^>cMPc(^J;o 

M^^f*. *Jfg0iJ 15.1)5 2 (I1I6S.T)5 7) ©»^{C0. 

9 9 4-1. oooxh'o. im.m2(Dm^\co. 99 

8-1. 0 0 0^:#^(wJ;^,^t@M/!i5#t>^^fc„ 
[O 1 1 01 JiISS; (2) ©7^ Vi5^(Cj:o-C# 
f>tb5«-3e^roiS»^<0 5*5. l/aiRt^l/agfi, ^ 

( 1 ) {Cfjk-fVeal-Grove'^'f/i^^l^iS'i-f 2) B<|tS.O^B / 

iJl^-fx— ^'^^ (2) >yT--f V^'L-CWf::!/ 

aLiRXflXa2^^^^ Deal-<3rove<^BfflS. 

t)«B/AfiI<755:fi)^ffi:tSr«2ic^i-o '^eds. «4"co ro 

GJ S i ■i'zc/N (^b1^[b], a:&{5ir : n i) \cM 
LR)ES;«f;^:^l 0 IkPa (7 6 OTo r r) lC*5tt 
^Deal-Grove<7)i:iRflSSr^H"o 

[0 1 1 ll 

[^2] 





1/a, 
(nm^/min) 


B 

(nin^/nrin) 


1/a, 
(nm/nrin) 


B/A 
(run/min) 




2. 85 




8. 02 






0.9 5 




5. 6 3 






3. 33 




17. 2 9 




DG( K^-f) 




2.7 0 




5 






86. 6 




7 6 



loii2]:icDj:5t- (111) :^f^ (ffi:&{4) <^ 

/ a iS.U^ 1 / a 2f*^ Deal-Grove^r'/l^c^ Ky ><®^^ki: 



[0 1131 Deal-Grove-^rX/WtCctiXli. iiBbfcBfil: 

^Jte{5riii>&i/2<z)i/a2fi: («2 
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Tia* (3) RXf (4) lcJ;9ti-^bfc. 



0. 9 5RXf3. 3 3) Deal-Grove^T^yKT^RJ^?^ 
yf^^EE lOlkPa (760Torr) iC^^ir^U 

• m:Mm 1 (*^;<f ^2vol%. ^0. ISSkPa (lOTorr) ) <D 1 / a gffit^DGla ^^1= 
0.95 X 760/10/0. 02 =3610 (nm^/min) — (3) 

•m:mm2 (7K^;tf;^33vol%, :^0.133kPa(lOTorr)) O 1 / a gffl^DGtaaiii 
=3. 33X760/10/0. 33=767 (nmVmin) ••• (4) 
114] #btvfcrtv^<Dffl{i. * 2 (C^-fDeal-G 



[0 _ 

rove^-r /KO b^-fkroBfiS 8 6. 6 (nm^/min) i 

Deal-<5rove^7^yK^B<itWli:'Ct4> K^Sl-M 

U-CV>5, rixt:ffll3g-rtvfi, ±1E^ (3) 5:r;5 (4) 
(Dl^mi. 1RXJ^2 SCiolt SfiK^RfSirDeal-Cro 

n= 1 + (2- a2-X) / (ai+2 
-e^fefsixS (Ji3i!iCODeal-GroveCO:S:Sfc#R8) o 
[0 116] (6) <tt?»P>nfcnffiSria8XtJ5 

9»c;^i-„ lasf*, tt:t55«^2-e^bfcSJ<tW^xic 

-g-, ntt(il~2C73®ia(-fct), Deal-Grove^x^'l' ("T 

f£t>ib^ (1) ) mtS5rt;&s«i^^ttfc„ — :*r> 
m 1 S.tJ' 2 n fitttT^— ®9& if*^ 1 ~ 2 coisiatcfcs 
;ei5. *Jte«?i|2 {yicm:ft^ 3 3 v o 1 %) -CfigJgtaSd^S 
5 O'CS.U^l 0 0 0=C(C*5V^-C(4 2tA-hroflSi:''i9. De 
al-G^ove^■r/^^C^¥^:>JteV^ w t >iS?SS^ixfco 

[0 118] ^JJVNT*, nfi£y45i~2(^®iai-fo?)fiKK* 
#lCOU>T. 0 5 ~ 7 i ?) iSfeWifi^Si^ (* 



[0 1 1 51 ia5~7T-#fcS: (2) (Om^'B^ 

ofco figl^JgSro^'Ik^T^^ (5) ; 

dx/d t = l/ (x"-!) ••• (5) 

WnffiftTia^ (6) ; 

ig-X) - (6) 

(2) ) yi>?5#btLfcl/a2. l/aiWffi^^lKJ&S 

mmiRx:^2^mcitmmi\cioi^=b^f^i^T (k) 

cDja^{;:i*J~r5) i/a2W^'(t:^*i'^77"CfcSo * 

fc. 0 1 1 fi. 1 s.tj! 2 mwcimm i s 
BfeMia^T (k) roisssct^^t-r^i/ai^ae-ft^^-r 

HI', il:^L3^i.D^L6{i*Sg^nco^ 
mSr^U, ii:«SL4S.t>*L7«^0!l2CO^*4-:^U 
iiBL 5 &tJ«L 8 tiit^m 2 W^S^^-Tc 
[0 1 1 91 mi ORTJ^l l(^#ii:^(73ffl#/!)^?j#ibiX 

fcRJ^;<75?^^4•^t;3^^>'^=^— 3 fci^-tirxDeai 

-Grovero5:fifefitSr* 3 {r^-f „ 
10 1 201 
[^31 





i/ajirM-ra 


l/a,(CMt-a 


(XIO-** nJ) 


(•V) 


{x1(r~ nJ) 


(eV) 




3. 84 


2. 40 


2. 76 


1.72 




2.13 


1.33 


-0. 08 


-0.0 5 




2. 39 


1.49 


0. 54 


0. 34 


DG( 


1.99 


1.24 


3. 20 


2. 00 




1.14 


0. 7 1 


3. 1 4 


1.96 



[0 12 11 r::-e, mMmi^<^f^^it^^^^-^-^ i" 

/NWS i - S i ^'g-(7)^Rt3i;t^/l-=¥-l-^bV^t#X.P> 
tl. DG (K^-Y) ^.tl^DG (e'^^S'h) irtiCHfilH 
Cfil, *5 3. 2X10"l<'nJ 0K)2eV) ^^LTV^ 
5o rix{;i*fL. H:|55«a|2{c*3lt2) l/ailcK-r5?g 
<4jt:3^;^i/W^-{4. ^3{J:^-r*P< 2. 7 6 X 1 0 ^0 



nJ (1. 7 2eV) -CfclJ, DC (Kv-f) SU^DG 

2 ictstt ?) 1 / a itcll-r 5S14{t:3i^/w^-{i, 
tl/^'tl,-0. OSXlO'l^nJ (-0. 05eV)S. 
XfO. 54X10~10nJ (0. 3 4eV) T-fc*?, D 

10 12 21 dWipJiC^life^llJ-JittS 1/aitcM-r 



(15) 



iRFM2001-274154 



(TIE* (7) ; 
H2+1/202 = H20 ••• (7) 

9xio~^''nj (12. 4ev) X'h'O . ::.tni±^ 

L-fcs i - s i f^^<omm^^^^^—i. 9 

[0 12 31 *MBJlc:J;tbtf, ^-ri^^<!^\cm^^ittz 
i !>3i/Njifje>?, S i l>^^^*ffifi. ^^/w^ (^m 

i !>a^/N#sicpjau. s i tsiJ^-r^^tcs i - S i 

[0 12 41 ^3 it). l/agl-M-rSStt^t 

— {;iov ^T UJS^iJ 1 2 «JttS««l 2 ictt; 

LT/h$ /^cffiir^cCofco 1 / a 2{-Mi-5?S14jt:^^/v 

[0 12 51 m?. Ell 1 J;9**5 i/ai(iBli- 

i3 V ^TttSJ:!^^ffl*^ ws:^S)^^^^roffitt'^li3l^y^d^^- 
(1998) JSAP Catalogue #M) > ?) 1 / 
ai^t/l/a2t-M-r-2.?£tt<t:^^^l'=¥-(;5fit«. y'J 

[01261 {-mmm 3 ) tK*;^^ ;^Xt;'^*;<f ^ ro^^-ffi 
(-r^it^-^SJSje^^toiS-a-SiJ-e-) afemcSJt;:;«f^^?r 

[01271 <R;^;^;^JE;^fcM-t-6#^) in i 2 14. 

II:^^J 3 fc*3lt ?>SJS;<f;=^5^iI{c>F)"t-S 1 / a 2^iS«^ 
^t;^*-ri/7 7T'fo«9. i/a2ffico#5^S;*f;^jga*fe 

10 5 O'CStJ^l 1 O Ot;05^iSr:^-r. ^fc. iiiSSL 



1 l{4K*;</>^5>EElc*f-rs;gm^^L, 

Jiia^f4i 1 0 o\:t-&^o mit), i/'a2{iSf4^^ 

;>{f^^flElCf45&^ftec#-a~f (itlSL 1 iroffi#l40. 0 
6) , **;<f;^5)-ffiroti(? l/2^(CJt0i]-r?) mM'L 
g^U^L 1 0<DM#f4, -^rtt-^r'ttO. 4 9 9SO«0. 4 
0 9) ^tijmm\.fZo mJ;i9. 7K^;^;^co5^|iia 

[0 12 81 mi 3 {4, *Jfe«»J3lC*3tt5^-Y>'^^rt^ 

HI'^'t^ft^L 1 2{41/a2fi<^^fS;</ 
;^igSiS#tt^^-r„ Hi?), l/a2»45"-Vi^^<l^ 
±E.i)m IkPa (*?l8Torr) <^i: #ft:k:fiISr^ 

l/a2lit<Oig:T;iS®^i:;^c5fi[$]{cfc5„ -rJ^ii^*?, 

[0 1 2 91 :i(C^:S:J- 1?. ^•y>'^^F*9©^SrO. 5 
~2kPa (*^)4~1 5To r r) i bfc t (D^^Stt 
■AimS-^nt^o W3*LfcJ;5(-, r(OJE;^;JS0. 5kP 
a*S|-Cfe-5i:, +^fj:Kft^:tf:^Mmr-nhixm<. 2 

[0 13 01 <*ife^J4) ^fim&i^t LT, K7>r^ 

jkt^lJ; f9 1 0 0 nm^gJ-fblRySSJI^^^H, ^CD^HJVCV 

N4) dsgg)^^4x^ M(cgifS©^-?<5'— :^ (v'-yD?>H^ 
V^ffl) ;as?Kj5fe^tt:feS i ">^^^S:fflV^fcr^:J^A^1'f4, 

fc„ ^^*aa^JSLfc^{]L5rS)lS«^^^^ (TE 
M) -em^ufc^sm. *'(t::^^'l•*M/!)S®?^^:^i^rv^5r 

[0 13 11 <Jtt?^!l5) *^fe^J4-efflV^fcCDi:ISIDS 

LTFu r n a c e&fflV^fcri£;^(4. Jt|!E0lJ 1 i: 1^ 
1ll<0^<t:)K«5^)KSr|it-9^fc*!!!aSrtTofc (Fu r n a c 

EMX-m.^ bfc^*, ^ib'^-'i' *)gf4^^l:^4xTv^^j;v^ 

[0 13 21 (itmme) Ki:S^^:^ti.Xf')^^^^'& 
tzTK^ (^^--«>.) ^fflv^fcr i:£^^1-(4. Jt$!50-!l 5 1 1^ 
b-CfigM^^!iS5^^To fc„ (Furanace ^gBf- 

mm Lfc^*, a^b-J^-r ^lR{4^^t:$^^T^^/j:^/^r i: Hi 

[01331 (SfSSHticBa-r «.#^) u±(DmmmR 
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(O^Yktc^f UT t- ^ fit Sr*-f -5 r t , 
[0 13 4] iixb^CiirJ;!?, i 

i:m^^tlmmm^cis^•^^>mimm^<Dmmi^. s i <>:r. 

[0 13 51 (IfttefiaiS) mm&t^t LT. Kv-f^ 

^nt' J: "9 10 0 nTn<Dmi\:.mmm^i^^. ^iD^^mcv 
^kMS^^Tofc, ^^?as§r 1 0 5 ot:. ^immm^ i 

5 0 s e c i Lfc^#-C-*QiaUfcS i ^^y^cDf^mUiiL 

[0 13 6] <^'ft<>-^^)gco«K^3gs<©i¥ffi> mmm 

*MW^-fk3SSE«. 0. 0 9 3 nm/s e c (^taffi 
10 5 Ot;, figtt^Pfl 1 5 0 s e c ) X^-otz., 
[0 13 7] rtb(-^b, ^Cfi^ (0. D. Trapp, et al. , 
fSemiconductor Techinology HandbookJ , Fig. OXIDAT 
im OF Si3N4 IN STEAM, Page 3-10, Technology Assoc 
iates) {C itbtf , tjfe5fe(75 ^jcyV mitm^ ± -5 ^-ft-^ 

mm(Dm\MM\±. O . O O 9 2 n m/ sec (figM 
taS 1 0 0 Ot:. ^MB#P^ 3X105sec. ) , 1^ 
O?, 0. 0306nm/'sec (fiKIKtaK 1 1 O Ot:, 
^M^P^ 3X105sec) T'foSo 
[0 13 8] :Lf\.<b^imi't^t. ^i$S<^f¥{ffi{'*3 

5 J; 19 -tiSKlKJaa/i^iSbV^lSli^fit (fifelKMII l l 0 0 
[0 13 9] 



mmm.(r>u'iimmmmx^^. 
m 4 ] njs^rj 1 Rx:^it^m 1 {;ifc«t Sfigj^i^w i: ffiSff 

[1215] tt:|i5«f[|2tcjoft5fig;)!^^rai:Mffi:coBi^^^ 
[m 6 ] l tc:*5tt5^)K^rBli:]^i:®BB^€r^ 

■r^yyxh?>o 

[1217] IIJ60-!l2lc:*3ttSfiglK^rBli:]^i:®M^?r^ 

[08] itmi 2 -Cfi)£I^UfcSg'fkJ^^ X {C*ri-5 n fit 

[1219] lllfe^^!|l&tJ'2T-^l^Ufc^jbS^ff$XtC*l~r 
5 nfit4-:^M-^9 :7-Cfc5„ 

[m 1 0 1 JIJfi01J 1 RXJ^ 2 MT>*{cit:t!5^?-!l 1 \ctsif?>^m 
?fi-ST (K) ©iimt-^f-T'S l/a20^^b^^-r^^7 

[011] mmmi&.xf2mmatmM i fc*3ttSfi8;M 
tafiT (K) ©a!mtc*}~r5i/aio^^b*^-r^7 

[m 1 2 ] ||;te^y 3 liZi~:ii-f^R^^:ff:^^EEi^M-r?) 1 / 
a 2fitO^'ft;^^-t-i}^7 

[013] *Jfe^!l3(c:*3(t5f"^>-^-<i^^ 
^) fc*|-i-s i/agfttro^^b^^-r^^^T'fc-So 

[014] (A) ~ (E) ;*:^BJ(cj:5^^<^sa 
ro»ag/j:-|^ig?^^©S!!igXieSrJiHf!5c^-rm^8lf®liI-C 

[015] :^mm^cx^^^mwmmn^m^m(DmmJ^m 
<o-u^7Mrm^w-mmxh^o 

[016] 01 5{C^^ffi{it3{t5m^»fS0tf*) 

-So 

[017] 015 lC:^-r^!itC*3tt 5^^»Tffi0T?*> 

[018] (A) ~ (E) (4. ^mmi,zx?>^^mi^mm 
icw.^m(Dmmmm<Dm^T.n=km^-rm^mmx 

[019] (A) ~ (E) tt, :^mmic^?>i^mi^mm 
ic^^ ^m(ommj&m(ommTM^m&!.yri-n^^mmx 

[02 0] (A) ~ (E) {4, :^mmi,zj:i)i^mi^mm. 
\z^i>i&(oMmMt&<ommxMi:iim.7ji-rm^'mmmx 
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*t (^It^) . 4--<TV>i^. 5- -R1ti7U— A. 6 

8-^j$f>, 9 -mm9>^ mmm . 9g- 

7:^:7^ CfJPfSlSP) . 1 o -iaS-fe-ViJ-. 1 i-H?^:3^ 
u— 12, 1 6- ■■:^;^#tl&P. 13, 1 7-;^^# 
ffia. 1 4 -Rit:^:ff:^^^W^ (Kl^^^^mi^n) . 14 
a"7kl!l;<f^«i^«fB. 1 4h-m^:ff:^m^U. 15- 

s:ff?:*f;^»m» (^as) , i 8- m^:ff:^Wi^m. i 

9 •••M-a-;</;^#tt5^. 20 -^ilg^t. 2 1 a--7k*;!(f;^ 

mi^U. 2 1b, 2 5 -®^*;<f;^W^ai. 2 2 a, 2 2 
b, 2 7, aO-zVl-:/, 2 3a-MFC (^105j!f4 
mmU) , 23b -MFC (||2 0jJfE»igfiSa5) , 2 6 
2 8, 2 9- -MFC. 3 1-±yVW 
3 2, 3 3 -4ill3^Vl'7'. 3 4->'^7V^, 3 5 — 



MFM. 3 6. 3 7 --ilS-fe->-y-s 3 8---SfJ®^g. 3 
8 a 3 8b •••«K]^'<yw^§]^ 

mmU. 3 8c 3 8 d - P^n 

±:^mf • 'P±m^9r'S^. 3 9--A;'3^'r s/^. 4 
;^$|5. SO-^^-T". 5 1, 8 l - vy 5 
2 , 8 2 ••• h >^»'U^fbK. 5 3, 8 3 -jfigy— hfl; 
ffi, Jjfy v'!; aV]^. 5 5, 8 5-*Jffll-i^-h«ffi. :^ 

y y 3 5 4, 8 4 -mmm mmm^mim) . 

5 9—='ly-^i^ 6 0 -S.tl-^>"^, 6 1, 9 1-y 

6 2, 9 2 --- KU"f V^^, 7 2 "7^— 
K^^tl^, 1 0 0, 2 0 0-:^»|g<4;^*y. 8 4 1, 
8 4 3-m<t^-^m^^. 8 4 2--^'fk^'l'*a. Gh--- 
tK*;*'^ (H 1 co;<f;=<.) . Gli -mi-^:^:^. Go 

(■m2<D:ffy^) , L w-^ V7°ffl^g|5, Sa. Sb 
••^rfl, Sc" -X^^''^^ W— S i 
^) s X-Rjj;;«f;^„ 



[mi] 



II 01 




1000 



2b <2) 



100 



10 





L3 







7.0 7.5 8.0 8.5 

i/rxicni/Ki 
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[1121 




5 



Za30 4a 50 0 1 23 
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ms] 



m9] 




1050% 
•1100% 
•1150% 



100 




850% H2 33% 
1000% Ha 33% 
1050% Ha 33% 

— 1100% H2 33% 
1160% H233% 
1000% H2 2% 

•o- 1050% H2 2% 
1100% H2 2% 



100 



[1^1 1 1 



100 




1000 



7.5 8.0 8.6 

in"xiffii/»q 



e.o 



0.013 



II 2] 




[Van] 



0.1 



[kPa]^ 



100 



10 13.3 



imi 31 





280- 




270 - 


.5 


250 - 






1 


230 - 


f 


210 - 




180- 




170 - 




ISO - 




0.4 



0.8 1.2 1.6 

[kPa] 



[0171 




62 



15 



2.0 



V 55 20-^ 59 ^19 ^ 




55 20 



19 



72 
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[13191 [12120] 




(51) Int. CI. 7 mm^ Fi T-73-r(##) 

H 0 1 L 29/792 5 F 1 0 1 

// C 2 3 C 16/46 

=piiim^fflTfjSf*i4- 3 » ^^pxmaiftrt 

(72)|g?q* ffi* E# 
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FtJ'— 4K030 BA40 CA04 DA02 DA03 FAIO 
KA22 

5F001 AAOl AA43 AA63 AB08 AD12 

AD16 AD19 AF07 AG21 AG22 
5F045 AA20 AB32 ACll AD12 AD13 

AD14 AE21 AE23 AF03 BB02 

BB08 BB09 DP04 EB02 EE04 

EE05 EE08 EE12 EE18 EF13 

EK12 GB05 
5F058 BA20 BB06 BC02 BF37 BF62 

BF63 BF80 BJOl 
5F083 EP02 EP23 EP55 EP56 EP57 

EP62 EP67 GA21 GA27 JA04 

JA35 JA39 JA53 NA02 PR12 

PR21 PR29 PR40 
5F101 BAOl BA36 BB05 BD02 BD06 

BDIO BF03 BH02 BH04 



